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FOR the past few months I have been examining the spect.ra 
of sun·spots with great care, and with an instrument of high 
dispersion. 

The spectroscope employed consists of a comet·seeker of five 
inches aperture and about forty·eight inches focal length, used 
both as collimator and view·telescope after Littrow's Illethod, 
the slit and diagonal eye·piece being as close together as it is 
convenient to place them. .A small spot of black paper, about 
three·tenths of an inch in diameter, is cemented to the center 
of the object.glass (as suggested by my colleague, Professor 
Brackett, in a note published in this Journal, July, 1882), and 
entirely destroys the internal reflections which would otherwise 
most seriously interfere with vision. 

The dispersion is obtained by one of Professor Howland's 
magnificent gratings on a speculum·metal plane, with a ruled 
surface three and one·half inches by five; 14,000 lines to the 
inch. The slit and eye-piece of the telescope are so placed that 
the line joining them is parallel to the lines of the ruling. An 
instrument of this sort is incomp~rably more convenient than 
one in which the collimator and view.telescope are separate, 
though of course, on account of the inclination of the visual 
rays to the axis of the object·glass, there is a little aberration, 
and the maxz'missimum of definition is not quite reached. There 
is no difficulty, however, in seeing easily the duplicity of the 
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b's, E, and other similar teRts, with the instrument thus ar
ranged. The spectroscope is mounted upon a strong plank, 
stiffly braced, and this is attached by powerful ring-clamps to 
the tail-piece of the twenty-three-inch equatorial of the Halsted 
observatory, so that the image of the sun £ails directly upon 
the slit. 

The detailed examination of the spot-spectra has been thus 
far confined mainly to a few limited regions in the neighbor
hood of C, D and b. 

With the high dispersive power employed, the widening and 
" winging" of the heavier lines of the spectrum is not well 
seen, not nearly so well as with a single prism spectroscope_ 
All diffuse shadings disappear much in the same way as the 
naked eye markings 011 the moon's face vanish in a powerful 
telescope-to be replaced by others more minute but not less 
interesting. In a few spots, however, the broadening of the D's 
and the reversal and occasional" lllmping" of C has been no
ticeable even with this high dispersion. But the most striking 
result is that in certain regions the spectrum of the spot-nucleus, 
instead of appearing as a mere continuous shade, crossed here 
and there by markings dark and light, is resolved into a count
less number of lines, exceedi nglyfine and closely packed j 

interrupted frequently between E alld F (and occasionally be
low E) by lines as bright as the spectrum outside the spot. 
These bright. lines, so far as the e'ye can determine, may be 
either real lines supe1]Josed, or merely vacancies left in the shad
ing of fine dark lines, since they are not sensibly brighter than 
the ordinary background of the surrounding spectrum. 

The darker and more inten~e the spot, the more distinctly 
the fine lines come out, both the bright and the dark j and so 
£ar as I have been able to make out yet, there is no difference 
at'; regards these fine lines between one spot and another. I 
have nerer yet seen any evidence of displacement in them due 
to motion, no "lumpiness" nor want of smoothness in them. 

When seeing is at the best, and everything favorable, close 
itttentioTl enables one to trace nearly all these lines out beyond 
the spot and its penumbra_ But they are so exceedingly faint 
on the tmn's general surface that usually they cannot be de
tected outside the spot spectrum. This resolution of the spot
spectrum into a congeries of nile lines is most easily made out 
in the green and blue. Near D, and below it, it is much more 
difficult to see, and I am not even quite sure that this structure 
still exists in the regions around U and below it. Here, in the 
red, even with the highest tlispen~ion and under the most favor
able circumstances of vision, the spot-spectrum appears simply 
as a con tin uous shade, crossed here and there by widened and 
darkened lines, which, however, are very few and far between 
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as compared with the number of such lines in the higher re
gions. Of course the resolution of the· spot-spectrum into lines 
tends to indicate that the absorption which darkens the center 
·of a sun-spot is produced, not by graIiules of solid or liquid 
matter, but by matter in the gaseous form, and it becomes in
teresting to inquire what subst&nces are capable of producing 
such a spectrum, and under what conditions_ As to the fine
ness and number of the lines, it may be noted that in the region 
included between b, and b. the single lines appear to be each 
about half as wide as the components of b., and are separated 
by an interval about one-third as great. The whole number 
between b, and b. must be over a hundred, though they are of 
course very difficult to count with accurac.y. They are a little 
wider in the middle of the spot-spectrum, in fact spindle shaped, 
running out into extremely fine threads where tbey pass into 
the penumbra, and in my instrument they seem to be a little 
more hardly and sharply defined on the upper (more refrangi
ble) edge than on the lower. 

The bright lines, of which there are six between b, and b., are 
generally about as wide as the interspace between the compo
nents of b.. They are sharply defined at both edges, and no 
brighter at the center than at the edge, a fact which rather 
bears in favor of the idea that they are merely interl'llptions in 
the dark line series, and not really superposed bright lines. 
Just above b. (at A 5162'3) there is a very conspicuous one, 
which is also noticeable enough in the ordinary solar spectrum. 
Attention has indeed been frequently called to it long since by 
other observers. Below E these bright lines are rare. Higher 
up in the spectmm, between F and G, they become very nu
merous_ 

I have also made a considerable number of observations upon 
prominences with the nine and one-half inch equatorial and its 
own spectroscope. 'l'here have been lately numerous very fine 
exhibitions, especially in connection with the spots. The num
ber of lines reversed in the spectrum of the chromosphere has at 
times been very great, far exceeding the number observed and 
catalogued in 1872, but I have not been able to detect a sin ale 
new one below C, though the two mentioned in my catalogue 
have been seen almost continuousl.y. On two occasions-July 
31st and August Ist-a new line abuve H (A 3884±2) was con
spicuously visible for an hour or two each time, during a spe
cially vigorous eruption of the prominences associated with the 
great spot which was tben just passing off the limb. This line 
was seen easily without the aid of any fluorescent eye-piece, 
and I am satisfied that on a photographic plate it would have 
been more brilliant than either H or K. I cOLlld not determine 
its position within one 01' two units on account of the difficulty 
of identifying the numberless fine lines around it. 
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With the widened slit it showed clearly the form of the lower 
part of the prominence, but not the upper. It was almost pre
cisely imitated by two new lines at A 4092 and 4026; and the 
catalogue·lines 4077 and 3990 resembled it also. On the other 
hand, h, Hand K showed the higher parts of the prominence 
as well as the lower, while the lines at 4045 and 3970 were 
exceedingly fine and smooth, without knottiness or structure. 

On August ht, at 2h 58m local time (=7h 57m Greenwich 
time). the intensity of the chromosphere spectrum was very 
remarkable, the bright lines more vivid and numerous than 
I remember ever to have seen them before. Between this time 
and 3.12 a prominence was sllot up in fragments of flame to 
an elevation of over 120,000 miles. It will be interesting to 
learn whether any corresponding magnetic twitch appears on 
the magnetometer records. 

Princeton, N. J., Sept. 10, 1883. 




